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1.0 Introduction

1.1 Background - Aircraft noise regulations were initiated in the
United States by the Federal Aviation Administration (FAA) in 1969 this
the issuance of Federal Aviation Regulation (FAR) Part 36 - Noise
Standards: Aircraft Type Certification. Part 36 has been amended several
times to reflect improved technical knowledge and experience gained during
the implementation of the noise certification process. Part 36 has also
been amended to add new categories of aircraft to the scope of the
regulation. Amendment 36-4 (December 31, 1974) marked the first efforts
to regulate via the Part 36 process the noise levels produced by

propeller-driven small aircraft in the United States.

Research is being conducted by the FAA and other members of the
International Civil Aviation Organization (ICAQ) toward the refinement of
the current regulation of propeller-driven small airplanes. These studies
are examining the prospect of substituting a takeoff procedure of equal
stringency for the level flyover certification test required by

Amendment 36-4.

The proposed takeoff test procedure calls for noise measurement at B200
feet (2500 m) from brake-release-point (BRP) of an airecraft in a
takeoff/climbout procedure performed at that aireraft's best rate-of-climb
air speed. The existing level flyover test procedure calls for am

ailreraft flyover at 1000 feet above ground level (AGL). The noise metric



of interest in both test procedures is the maximum A-weighted sound
pressure level in decibels using slow detector response. The proposed FAA
noise procedure is described in a "Notice of Proposed Rulemaking" in the

Federal Register (Vol 51: No 134: 7/14/86).

It was initially asssumed that equivalency could be established between the
takeoff and level flyover procedures wvia adjustment equations involving
propeller helical-tip Mach number and nolse propagation distance to
account for differences in air apeed and altitude respectively. However,
as test results became available, it was found that the propeller
helical-tip Mach number adjustment equation did not adequately account for
the measured noilse level differences between the takeoff and level flyover
procedures. After applying the adjustment equations, the takeoff noise
levels were 3 to 4 decibels higher than the level flyover noise levels.
This effect, referred to by investigators (ref 1) as the "residual factor"
ie believed to result from unsteady propeller blade loading. One source
of such unsteady loading is the result of the alrstream entering the
propeller disk at an angle other than ninety degrees. Under such
conditions, a given blade is advancing into the wind (increased loading)
during half of a revolution, and retreating with the wind (reduced
loading) during the other half. The resulting differential blade loadings
are perlodic and are believed to raise the nolse level of the propeller
fundamental and harmonics by several decibels when measured below the
aircraft along the flight track. The incoming airstream angle, referred
to as the "propeller inflow angle" or the "propeller disk
angle—of-attack," is a function of the attitude of the aircraft relative

to the zirstream. Variations in aircraft pitch attitude are expected



when the aircraft is in a pitch-up position during a takeoff/climbout as

opposed to level flight.

This report presents the initial findings of a flight test designed to
examine the relationship between propeller inflow angle and the resulting
noise levels as measured by noise certification procedures proposed for

propeller-driven swall aircraft.

1.2 Objectives

1.2.1 The primary objective of the study was to examine, via
flight testing, the relationship between propeller inflow angle and
ground-based aircraft noise levels, Variation of propeller inflow angle
was achieved by flyving the aircraft at different sirspeeds. A range of
nearly 9 degrees in propeller inflow angle was achieved between 2z maximum
angle climbout at Vx and a level flyover.

1.2.2 The second objective was to generate a data base of flight
noise levels and trends to compare with the full-gcale wind
tunnel/propeller tests conducted late in 1984, The wind tunnel tests,
designed to address the same issues as the flight test, examined variables
under controlled conditions over a wider range than possible during a
flight test. The wind tunnel tests were conducted at the German-Dutch
Wind-Tunnel under the auspices of the FAA and the Federal Republic of
Germany.

1.2.3 The final objective was to establish base-line noise
levels for the chosen aircraft relative to the proposed takeoff noise

certification procedure.




2.0 Experimental Procedure

2.1 Test Aircraft: The test aircraft was a Piper Cherokee Lance

(PA-32R-300), a single engine monoplane with retractable landing gear.

The power plant was a 300 hp Lycoming IO-540-K1G5 flat-six normally
aspirated engine. The aircraft was equipped with & Hartzell two-blade
metal constant speed propeller 80 inches in dismeter. The maximum rate of
climb, DED’ and Vy for the Lance are 1000 ft/min, 2240 ft., and 92

Inots, respectively (standard day at sea level).

2.2 Location: The test was conducted on September 25, 1984 at the
Washington Dulles International Airport. The acoustic instrumentation was
deployed in the overrun area of runway 30. The microphones and airecraft
flight track were aligned with the extended runway centerline. The actual
runway centerline, approach lights, and middle marker functioned as wisusal

cues for the piloet.

2.3 Test Plan: The objectives required a series of flights ranging
from level flyover to a takeoff/climbout performed at Vx (speed for best
angle of climb). The test series were designed around the proposed FAA
takeoff noise certification procedure. Briefly, the proposed procedure
calls for sound level measurement four (4) feet above the ground at a
distance of 8200 feet from brake release point (BRP) of an aircraft
performing a maximum continuous power takeoff at an airspeed of Vy (92
knots for the Lance). Given the performance figures for the Lance, the
reference altitude for the Lance at the B200 foot distance from BRP was

calculated to be 694 feet above ground level (AGL).



Noise level versus propeller inflow angle was addressed by a
series-to-series variation of aircraft speed at constant power and RPM.
Since air speed is a component of the propeller helical tip Mach number
{HH], and given the generally strong influence of HH on noise levels,
additional series of overflights were necessary to empirically relate HH
to the noise levels actually produced by the Lance. The Hﬁ igsue was
addressed through a series—to-series variation of propeller RPM at

constant power and alr speed.

Table 1 presents the 17 scheduled test series (A-Q) with target air speed,
engine power and RPM. Series B represents the reference takeoff using the
proposed noise certification procedure. Each series was scheduled fer =
minimum of four replications (events). The two exceptions were seriesz B

and D which were scheduled for six replications.

2.4 Flight Procedure: The test aircraft was flown continuously in a

racetrack pattern with the measurement leg along the centerline of runmway
30. Given the large number of test events (72 planned; 79 actually
performed) the takeoff teasts used a simulated procedure. Upon entering
the measurement leg of the racetrack partern, the aircraft was flown at a
constant altitude until intercepting the pre-calculated reference flight
path (merked by a marker positionmed along the runway). At that point,
with the required RPM set the pilot applied the prescribed power, rotated,
and climbed at an angle which sustained the target indicated air speed., A
radio mark was transmitted to the aircraft by a ground observer whan the
alrcraft croesed over the 8200 ft messurement point. The flight crew

noted the cockpit altimeter at the radio mark and either adjusted the



TABLE 1. TEST PROCEDURES

EVENT MODE KIAS RPM POWER
A TO 80 2700 100%
B TO 91 2700 100%
c TO 120 2700 100%
D LFO = 2700 100%
E TO 80 2700 75%
F TO 91 2700 75%
G TO 120 2700 75%
H LFO - 2700 75%
1 TO 91 2500 55%
J T0 120 2500 55%
K TO 91 2600 75%
L LFO - 2600 75%
M TO 91 2400 75%
N LFO - 2400 5%
0 TO 91 2200 75%
P TO 91 2300 55%
Q TO 91 2100 55%




initial rotation altitude, or advanced or delayed rotationm on subsequent

events 1n an effort to Intercept the reference altitude for all events.

2.5 Instrumentation

2.5.1 Acoustic: Two microphones sites were used throughout the

test. The reference microphone location, 8200 feet from BRP, is referred
to as the primary site. A secondary microphone site was located 6200 feet
from BRP. Both sites were located on the flight track. Noise levels were
recorded at ground level and at 4 ft elevation at each of the sites. A
Nagra two-channel direct mode magnetic tape recorder was used to record
the analog signal from a given microphone. The first channel recorded the
full acoustic signal while the second channel recorded and preserved the
high frequency component of the overall signal via & pre-emphasis
technique-thus effectively increasing the dynamic range of the tape
recorder. IRIG-B time code was recorded on the cue (third) channel of
each recorder. All time-based measurements were synchronized to a base
time-code generator. The four foot microphones were 1/2 inch grazing
incidence type mounted with the sensing diaphragm coplaner with the plane
formed by the flight path and flight track. The ground mounted
microphones were 1/2 inch normal incidence type mounted inverted with the
diaphragm positioned 7mm above the ground surface. The ground microphone
was mounted immediately beneath the elevated microphone. The ground
surface beneath the microphones was cleared to bare earth and lightly
tamped as necessary to achleve a flat surface. Grass was mowed close-cut
in & 30 ft circle around each microphone site. Photos 1 and 2 illustrate

the microphone arrangement used in the tent.
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2.5.2 Aircraft altitude: The altitude of the aircraft over a

given microphone was determined (independent of the cockpit altimeter) by
the photoscaling technique described in the Society of Automotive
Engineers report AIR-902 (ref 2). This technique involves photographing
an aircraft vhen directly overhead and proportionally scaling the
resulting image with the known dimensions of the aircraft. The
photographic system is calibrated by photographing a test object of known
size and distance.

2.5.3 Cockpit: The aircraft had a 3-man flight crew: pilot,
observer, and video-camera operator. The observer maintained radic
communication with the ground command post, and logged the indicated air
speed, altitude, RPM, and manifold pressure for each event when given a
radio mark over the primary microphone site. The observer also estimated
the rotation advance/delay needed to intercept the reference altitude (694
feet at the primary microphone site) and cued the pilot accordingly. Om
selected runs, the observer measured the propeller RPM with a hand-held
view=through tachometer. Relieved of many ancillary duties, the pilot was
able to concentrate on the precision flying required and maintain contact
with the Dulles tower. As an experiment, the video operator taped the
cockpit instruments to augment the data collected by the observer.

2.5.4 Meteorology: Meteorological data were collected both at
the test site and at the FAA Noise Mpnitoring Laboratory (located near the
terminal approximately 3 miles from the test area). Temperature, wind
speed, and wind direction were continucusly recorded at the test site.

Relative humidity was recorded at the test site on a 30-mipute schedule




via an Assmann psychrometer. Winds aloft were measured at the test site
by NOAA personnel through the release of pibals, also on a 30-minute
schedule, Barometric pressure was recorded at the Nolse Monitoring
Laboratory.

2.5.5 Acoustic Data Reduction System: The analog magnetic tape

recordings were analyzed at the Department of Transportation,
Transportation Systems Center in Cambridge, Massachusetts. The recordings
were entered into GenRad 1921 Real Time Analyzer set to provide 27,
one-third-octave-band (22Hz-11.2F¥Hz) sound pressure levels for each
1/8-second integration period throughout the length of the recorded event.
The dats were digitized and stored on magnetic disk memory for further
processing., Adjustments were made to the stored digitized data to account
for deviations from flat frequency response in the measuring and
reproduction systems. The spectral data were further adjusted by sloping
the spectrum shape at a rate of -3dB per ome-third-octave for those bands
above 1.25 EHz where the signal to nolse ratio was less than 3dB.
A-yeighted noise indexes calculated with "Slow" dynamic detecter response
were obtained by further processing the stored 1/B-second data. Four
consecutive 1/B-second spectral data records were energy averaged to
provide consecutive l/2-second spectral data records over the length of
the stored digitized data. These 1/2-second records were re-averaged
using a sliding window 4-sample weighted logarithmic averaging technique
to simulate "Slow" exponential sound level meter characteristics.

2.5.6 Data Correction: The reduced A-weighted (as meassured)

values were adjusted for deviation from the reference altitude by
algebraically adding the increment 22 1ugln(HTfHR} where HT is the

actual aircraft altitude over the microphone, and HR is the reference

10



alticude (694 fr for the Lance). The as-measured dEA values were also
adjusted from test day to reference meteorological conditions (77°F;
T0ZRH} by algebraically adding the increment (o -0.7) HTIIDGD where (a )}
1z the rate of absorption in dB per 1000 feet for test dav condirions at
500 Hz as specified in SAF ARP B6BA, "Standard Values of Atmospheric
Ahsnrpticﬁ as a Function of Temperature and Humidity for use in Evaluating

Aireraft Flyover Noige,"

11




3.0 Data Analysis

3.1 Test Day Operations: The test was conducted between the hours of

0845 and 1500 EDST. Testing was continuous with the exception of a
30-minute rest break at 1040 and a one-hour fuel stop at 1230. Om
average, the time to complete & circuit around the racetrack pattern was
four miputes. The test aircraft (N75196) was rented locally with one of
the aircraft's co-owners functioning as the pilot for the test. The test
aireraft wae flown from the Woodbridge, Virginia Airport to Dulles Airport

on the morning of the test.

The estimated fully fueled gross weight was 32B0 pounds. The aircraft is
certificated at a maximum takeoff weight of 3600 pounds. Total flight time
and fuel burn (includinog 15 minutes flight time to/from the Woodbridge
Alrport) was 6.5 hours and 95 gallons reepectively. The RPM measured with
the view=-thru-tachometer was typilcally one to three percent higher than
the approximate RPM set in the cockpit, The "view-thru" readings are used
in the analyses of the report.

3.2 Test Day Weather: A summary of the meteorological measurements

i1s presented in Appendix A. Ground level temperature ranged from 68°F to
85°F. The aircraft consistently had a headwind component throughout the
test. Given the range of meteorological measurements and the lack of
observed anomalous conditioms, it is unlikely that meteorological
conditions exerted en adverse influence on accomplishing the flight test
cbjectives.

3.3 Ag Measured Acoustic Data: The acoustic data reduction report

from the Transportation Systems Center (TSC) 1s presented in Appendix A.

12



The measured data are uncorrected for off-reference temperature, humidity
and aircraft position relative to the reference flight track. In addition
to values of maximum A-weighted sound pressure levels (ALM), the TSC
report also presents unweighted, or overall, sound pressure levels (OASPL)
and related noise descriptors and statistics.

3.4 Corrected Acoustics Data: Table 2 presents a summary of the

maximum A-weighted noise levels corrected for off-reference altitude and

atmospheric absorption per the equations described in Sectiom 2.5.6.

13




Table 2 Flight Operations and ALM Noise Levels
(averaged values for & given series)

FPRIMARY  PRIMARY SECONDARY  SECONDARY

SERIES TYPE POWER TAS RPM (GND) (4 ft) (GND) (4 ft)
A TO 1002 B2 2780 91.9 89.6 91.1 88.4
B TO 1002 95 2780 91.4 89.0 90.6 B8.0
c TO 1002 123 2780 90.5 BE.1 90.0 87.3
D LFO 100% 167 2780 B89.8 B7.6 89.7 B7.2
E TO 752 82 2780 90.5 88.0 89.7 87.2
F TO 75% 96 2780 B9.9 B7.4 89.8 87.1
G TO 752 124 2780 B89.2 87.3 89.5 87.1
H LFO 75% 152 2780 BB.7 86.8 89.1 B6.8
I TO 55% 95 2570 80.8 78.9 80.8 78.1
J TO 55% 123 2570 80.5 78.4 80.9 78.4
K TO 75% 97 2640 B4.4 82.3 B84.2 B2.0
L LFO 75% 153 2630 82.8 Bl.6 82.9 BO.7
M TO 75% 97 2440 79.1 717.5 79.2 76.8
N LFO 757 150 2460 7B.6 77.0 78.9 76.5
0 T 5% 97 2240 7.7 75.7 78,2 75.7
P TO 557 94 2320 76.3 74.4 76.2 74.0
Q TO 55% 95 2140 74.3 72.6 74,1 71.4

NOTE: AlM veglues are altitude corrected to 694 feet and corrected for

atmospheric absorption.
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3.5 Flyover Time History: Test series B represents the reference

takeoff under conditions of the proposed takeoff noise certification
procedure. Appendix B contains listings of uncorrected sound pressura
levels for one-half second intervals throughout the flyover for each of
the six series B events. Figure 3 is a plot of the one-half second data
from event B9 showing the rise and fall of noise levels as a function of
time and aircraft position relative to the microphone site (primary site;
ground plane microphone). Note that the maximm level occurs before the
aircraft reaches the microphone site. WNote also the change in difference
between OASPL and AL &8 a function of airecraft position, as well as a
substantial difference between the ground and four foot microphones,
egpecially at lower emission angles. These observations are addressed in
following sectiomns.

3.6 Helical Tip Mach Number: Noise levels generated by a propeller

are & strong function of Helical tip Mach mumber [Hﬁ} as evidenced by
the proposed default correction for off-reference RPM test specifications:
{Km} IGEIE{HERKHHT} where Km is an empirically determined
constant (Km = 150), Hﬁk and HHT are the reference and test heliecal
tip Mach numbers, respectively. Hﬂ is the vector sum of two components:
(1) the ratio of the tangential velocity of the propeller tip in the plane
of the propeller to the speed of sound, and (2) the ratio of the
translational velocity of the propeller tip (i.e., the airspeed of the
aircraft) to the speed of sound,
M, = an + vTZJUZ
or My = 0R” 4y

where: ?R is the tip tangential welocity

/C eq. 1

2)1f2 eq. 2
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Figure 3a
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?T is the tip translational velocity
HR ig the rotatienal tip Mach number
HT ig the translational tip Mach number

C is the speed of sound
V_ is the product of the propeller disk circumference and propeller RPM:
?R = {DP}{RPH}IEEE.IE eq. 3

FT_ia the aircraft airspeed converted to feet per second:

Vo = (KIAS) (1.688) eq. 4

C, the apeed of sound in feet per second, is a function of air temperature

ag follows:

/2

C = (49.02) (T, + 459.67) ! e, S

where 'I'F is air temperature in degrees Farenheit
EIAS is indicated air speed in knots per hour
RFM is revolutions per minute

Ip is propeller diameter in inches
The test aircraft has a 80 inch propeller, Vy of 92 knots and a 2700 RPM

engine, At the standard day temperature of 59°F, the reference L for

the Lance was 0.856, The reference HR and HT values are 0.844 and

7



0.13%9 respectively. Series averaged Hﬁ values are presented in Table 3.
Table 3 algo includes other calculated values discussed in following

sections of this report.
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Inflow angle was varied during the test by a series-to-series variatiom im
airspeed (Section 2.3). Prior to performing the inflow angle analysis,
the noise data must be normalized to a reference HH. The HH

correction equation constant, Km, was empirically determined by a
series-to-geries variation of RPM at constant power and constant

airspeed. Figure 4 illustrates for each microphone noise levels (ALM) as
a function of HH. The calculated Km constants for the line segments in
Figure 4 are presented in Table 4. It is evident that engines exhaust
noise mav be affecting the noise levelfHH relationship at lower RPM

values. The exhaust noise issue is addressed later in Section 3.12.
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Segment

Segment

Segment

Segment

Segment

Table 4 H¥ Correction Equation Constant '
T

(Empirically de

F (77% power; 96 TAS; 27B0 RPM) to
E (77% power; 97 TAS: 2640 RPM
@primary site; ground microphone
Bprimary site: 4 ft microphone
@secondary site; ground microphone
fisecondary site; 4 ft microphone

E (777 power; 97 TAS: 2640 RPM) to
M (777 power; 97 TAS; 2440 RPM
@primary site; ground microphone
@primary site; 4 ft microphone
@secondary site; ground microphone
@secondary site; 4 ft microphone

M (77% power; 97 TAS: 2440 RPM) to
0 (77% power; 97 TAS; 2240 RPM)
fprimary site; ground microphone
@primary site; & ft microphone
fsecondary site; ground microphone
@secondary site; 4 ft microphone

I (55% power; 95 TAS; 2570 RPM) to
P (557 power: 94 TAS; 2320 RPM)
fprimary eite; ground microphone
Gprimary site; 4 ft microphone
@secondary site; ground microphone
@secondary site; 4 ft microphone

P (551 power; 94 TAS; 2320 RPM) to
0 (55 power; 95 TAS; 2140 RPM)
@primary site; ground microphone
@primary site; 4 ft microphone
@secondary site; ground microphone
@secondary site; 4 ft microphone
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3.7 Propeller Inflow Angle: A comparison between noise levels from

the (B) takecff and (D) level flyover series 1is presented in Table 5. The
difference or "residual" in noise levels represents the unaccounted
difference after the level flvover events are mormalized via HH

correction to asccount for the difference in airspeed between the two
series. The residual difference is thought to result from the change in

propeller inflow angle hetween the takeoff and level flvover series,

Propeller inflow angle is a function of the lift coefficient in flight,
wiich is a function of aircraft weight, airspeed, air demnsity, and wing
gsurface area. Based on performance information from the Piper Aircraft
Company relating lift coefficient to wing angle of attack (and
consequently to propeller inflow angle given the offset of the propeller
axis from the wing chord), values of propeller inflow angle were

calculated using series averages and are presented in Table 3.

ALM values, in groups of constant power and RFM, and HH normalized
within each group to the 92 knot series (series B, F, K, L, M), are
plotted against propeller inflow zngle In Figure 5. It is evident from
Figure 5 that s consistent relationship exists between propeller inflew
angle and ALM over a range of RPM and power settings. Table £ presents
values of ALM per degree propeller inflow angle for the primary series of
interest (Vy takeoff and level flvover series). On average. & value of

0.6 ALM per degree propeller inflow angle was found.
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Table 5 Residual Factors

Takeoff Level Flyover Level Flyover

E perles D series HH Adj. of Residual

ATM ALM D series Factors
Primary Site (Groumd) 1.4 89.8 -2.4 4.0
Primary Site (4 ft) 89.0 B7.6 -2.2 3.6
Secondary Site (Ground) 90.6 89.7 =2.4 E 1
Secondary Site (4 ft) B8.0 B7.2 -2.2 3.0

Line
Segment

BtoD
FtoH
Etol

H to N

Table 6 ALM/degree propeller inflow angle
(refer to Figure 5)

Primary Site Primary Site Secondary Site  Secondary Site

Ground Mic. 4 fr. Mic. Ground Mic. 4 fr. Mic.
0.73 0.68 0.63 0.62
0.62 0.52 0.54 0.45
0.59 0.38 0.54 0.51
0.54 0.55 0.55 0.55
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3.8 Power Correction: The proposed FAA noise certification test

calls for correction of off-reference engine power by algebraically adding
an increment equal to 17 leg ln(PRIPT} were PE and PT are

reference and test engine powers, respectively. The constant, 17, was
empirically determined during previous flight testing performed by the FAA
(reference 3) in support of the proposed takeoff test procedure. The
power correction comstant was empirically derived for the Lamece flight
test by comparing the noise levels between the following groups of series:
A and E; B and F; C and G; D and E. Series in the E through H group were
normalized to corresponding series in the A through D group via the Hﬁ
correction to account for differences in airspeed and air temperature.
Using HH and actual test day horsepower values recorded in Table 3, the

power correction constants were calculated and are presented in Table 7.

3.9 Emission Angle Analysis: The specific angle of maximm acoustic

emission, the location of the aircraft at ALM relative to the microphone,
was calculated using measurements of altitude, time of ALM occurance, and
time the aircraft crossed over the microphone, and accounting for the
acoustic signal propagation delay. Emission angle in general is defined
as the forward angle measured downward from the flight path to the
microphone at the time that the maximum noise level was emitted by the
aircraft. A value of 90 degrees indicates the aireraft was directly over
the microphone. An angle less than 90 degrees indicates that the noise
was emitted prior to reaching the overhead point; greater than 90 degrees
indicates the aircraft has passed over the microphone before emitting the

noise,
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Table 7 Power Correction Constants "KE"
(Empirically Derived from Flight Tes

Primary Site Primary Site Secondary Site Secondary Site
Series Ground mic. 4 ft. mic. Ground mic. 4 ft. mic.
A and E 10.5 B.4 6.7 7.6
B and F 11.4 10,7 5.8 5.1
C and G 2.1 6.8 4.3 -2.4
D and H =2.2 =0.7 -6.6 -5.1
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Averaged values of maximum angle of emission for each series are presented
in Table 3. Values for each event are listed in Table A-3 of Appendix A.
By inspection, there is a2 discernable trend between RPM and angle of
maximum emission. The angle is typically 70 degrees at the high RPM
series., As RPM settings are reduced, the angle increases toward roughly
an overhead position.

3.10 Narrowhand Spectral Analysis: Figures 6a and b are

flat—weighted and A-weighted narrovhand frequencvy spectra, regpectively,
of the maximum acoustic signal level from event B9 (primarv site; ground
microphene). Components immediately identifiable in the spectra are the
fundamental and harmonic tones of the propeller, engine exhaust, and
half-order tones from the exhaust. Note that the harmonic tones of the
propeller and exhaust are periodically combined as a single tone. These
combined tones occur at propeller harmonic numbers 3, 6, 9,..., and engine
exhaust harmonic numbers 7, 4, 6,...,. Note also that the harmonic tones
in the frequency range of 200 to 1000 Hertz dominate the total A-weighted
sound pressure level for the event B9 full power, high RPM spectrum
depicted. Propeller tones clearly dominate the exhaust tones throughout
the entire spectrum.

Appendix C presents flat-weighted and A-weighted narrowband spectra at the
approximate time of maximum sound pressure level for each of the 17 series
conducted during the Lance flight test. Of particular note is the
influence of RPM on the mid- and higher harmonics as evidenced in the
comparison of spectra from 2780 RPM series versus spectra from series
conducted in the RPM range of 2100 to 2500, WNote also the relative
contribution of engine exhaust noise throughout the 17 series. Engine

exhaust noise is discussed further in Section 3.12.
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Figure 6a EXAMPLE NARROWBAND SPECTRA

PIPER LANCE PA-32R-300 B_g FLAT WEIGHTED
o 9/25/84 P: PROPELLER TONE
P p E: EXHAUST TONE
£ P c C: COMBINED PROP/EXHAUST TONE
c p
80— I P ;
dB
E | G P 5
TO0p=— c o
<]
K P
E E G
G0f= ! : E P
Eplia
50 1
I Wi
FREQUENCY (Hz)
pealieer wlin g 0 e ln ik i[eugaio [ i) Fenl] [ o] [
200 400 600 BOO 1000 1200 1400 1600 1BCO
Figure 6b
PPER LANCE PA-32R-300 TAKEOFF
=l et 100% POWER
B-9 91 KIAS
8o~ A-WEIGHTED S0 HEM

F i
T0p= FraTIC

il

P K I [ S (0 P T (O] (10 =t TR [ T [ e
mmmm1m1m1m1ﬁm1ﬁm

31



Time histories of narrowband spectra from ground and four foot microphones
(primary site) for event B9 are presented in Appendix D. Each spectrum is
a2 gne=half second average corresponding to the listed time histories

preceding the spectra in Appendix D,

The rate of harmonic rolloff (dB per harmonic) will exert a strong
influence on A-weighted levels. Using the OASPL spectra in Appendix C,
estimates for the harmonic rolloff rates for each of the 17 flight test
series are listed in Table 3. The estimated rolloff rates, plotted

against test HH in Figure 7, can be approximated by the equationm:
(dB/harmonic) = 27 log IﬂfIIHH} eq. 6

Also of interest is identification of the portion of the spectrum which
significantly contributes to ALM., Using the A-weighted spectra in
Appendix C, the dominant harmonics and the harmonics within plus or minus
4 dB were identified. The results, plotted in Figure B, show that the
contributing portion of the spectrum shifts to lower frequencies for

decreasing values of HH.
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PROP HARMONIC ROLLOFF (dB PER HARMONIC)

Figure 7

HARMONIC ROLLOFF vs MH
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Figure 8

PROPELLER HARMONIC NUMBER
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3.11 Greound Plane Microphone: Concurrent with development of the

proposed FAA noise certification procedure, the international aviation
community through the International Civil Aviation Organization (ICAD) was
also reviewing the ICAO certification procedure for possible revision.

One of the areas of discussion at ICAO was the substitution of a ground
plane microphone for the four foot (1.2 meter) microphone installation.
The purpose for the ground plane installation is to suppress spectral
irregularities resulting from interference of the reflected signal from
the ground with the direct incoming signal between the aircraft and the
elevated microphone. At the time of development of the Lance flight test,
one of the ground plame microphone installation options was inversiom of a
normal incidence microphone seven millimeters above & bare earth surface.
This installation option was chosen for use in the Lance flight test.
(Note: subsequent to the Lance test, ground plane installation proponents
are recommending the use of a circular 0.4 meter diameter metal plate as a
ground level baffle under the microphone (reference 4)). Using ground
plane and four foot narrowband spectra from event B9 as an example, the
level of each tone at ALM is plotted in Figure 9 revealing the spectral

differences between the signals received by the two microphones.

It was not the purpose of this study to conduct a detailed examination of
the ground plane versus elevated microphone issue. However, several
general observations can be made by inspection of the Lance flight test

data.
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The difference in ALM between ground plane and four foot measurements is
included in Table 3. The average difference throughout the entire flight
test was ag follows:

primary site: 2.0 dBA; standard deviation 0.41; range 1.2 to 2.8

secondary site: 2.5 dBA; standard deviation 0.26; range 1.8 to 3.0
The ground plane minus elevated microphone difference does not
significantly vary as a function of RPM. The blade passage frequency of
the Lance falls outside of the frequency range where a significant
variation can be expected (reference 5). There is however, a significant
variation of the ground plare minus elevated microphone levels as a
function of emission angle. This is 1llustrated in Figure 10 using as an
example the data from event E9.

3.12 Propeller/Exhaust Noise Separation: The noise levels previously

discussed represent the total noilse emitted from the aircraft. In some
analyses, it was desired to remove the engine exhaust noise component and
conslder the nolse levels emitted only by the propeller. The marrowband
spectra in Appendix C were used to perform the separation. Individual
exhaust tone levels were summed and compared to the total measured
spectrum level to determine the relative exhaust contribution. Where the
exhaust and propeller tones coincide, the hidden exhaust tone was
estimated by linear interpolation between adjacent exhaust tones. This
process was applied to only the single event in each flight series
represented in Appendix C. The resulting propeller-only noise levels are
included in Table 3. The exhaust nolse varies from essentially no
contribution in the high power/RPM series, to the point of exhaust noise

domination in the low power/RPM series.
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It is inetructive to re-analyze the noise levelfh’.ﬂ relationship (Section
3.6) using the propeller only data. The resulting Figure 11 shows
improved linearity in the lower RPM {HH} region., The K, constants for
each of the propeller-only line gegments are presented in Table 8. It is
evident that the removal of exhsust noise will not affect the analysis

performed in Section 2,.7.2 on propeller inflow angle.
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Segment

Segment

Segment

Segment

Segment

Table 8 HH Correction Equation Constant "KH"

Propeller-Cnly Noise Data

F (77% power; 96 TAS:; 2780 RPM) to
E (77% power; 97 TAS; 2640 RPM)
@primary site; ground microphone
@primary site; 4 ft microphone
@gecondary site; ground microphone
Bsecondary site; 4 ft microphone

K (77% power; 97 TAS; 2640 RPM) to
M (77% power; 97 TAS; 2440 RPM)
@primary site; ground microphome
@primary site; 4 ft microphone
@secondary site; ground microphone
Bsecondary site; 4 ft microphone

M (77% power; 97 TAS; 2440 RPM) to
0 (77% power; 97 TAS; 2240 RPM)
@primary site; ground microphone
@primary site: 4 ft microphone
@secondary site; ground microphone
@secondary site; 4 ft microphone

I (55% power; 95 TAS; 2570 RPM) to
P (55% power; 94 TAS; 2320 RPM
fprimary site; ground microphone
@primary eite; &4 ft mierophone
@secondary site; ground microphone
@secondary site, 4 ft microphone

P (55 power, 94 TAS; 2320 RPM) to
Q (55Z power, 95 TAS: 2140 RPM)
Bprimary site; ground microphone
@primary site; 4 ft microphone
@secondary site; ground microphone
@secondary slte; 4 ft microphone
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3.13 Wind Tunnel Comparison: The same model propeller was used in

the full scale acoustic wind tunnel test performed at the German/Dutch
Wind Tunnel., From results of the wind tunnel experiment, Dobrzynski
(reference 6) proposes a revised HH to account for the influence of
propeller inflow angle on sound pressure levels. The proposed
"advancing," or "local" helical tip Mach number, denoted as HEK’ is
defined by the equation:

Mo = Mo (1 + (2) (Ve/Vr) (sinf) /(1 + Vel/vel))1/2 T
The HEK equation is based on the observation (referemce 7) that pressure
waves originating from a blade at an orthogonal position advancing toward
the microphone essentially govern the resulting noise levels. Caleculated

values of HHK from the Lance flight test are presented in Table 3.

An analysils of propeller inflow angle using Hﬁ was performed in Section
3.7.2. That analysis is repeated in this section using HﬁK' As shown
in Figure 12, use of HHK to normalize the data does account for slightly

more than half of the influence of inflow angle on noise levels.
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Table A-1: METEOROLOGICAL DATA

Table A-2: U_NCOFIF%ECTED ACOUSTIC DATA

Table A-3: CORRECTED ACOUSTIC DATA
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TIME SERIES

0e30
0845
0900
0915
0930
0945
1000
1015
1030
1045
1100
1115
1130
1145
1200
1215
1230
1245
1300
1315
1330
1345
1400
1415
1430
1445
1500

| "L HEH OO "fmo oo =

HE=moNoOod

-
mR L

Table A-la Test Day Temperature, Relative-Humidity
and Barometric Pressure Measurements

°F

68
68
69
70
70
71
72
74
75
76
76
76
77
78
BO
Bl
B2
B3
84
85
85
85
85
85
B4
B4
84

RELATIVE HUMIDITY

81Z

71%

70%
647

57%

687
60%
487
497

BAROMETRIC PRESSURE

20,74

29.76

29.75

29.74

258.71

29.69

29.67

APPENDIX A



APPENDIX A

Table A-Ib Vertical Profiles of Test Day Wind Speed and Direction

Wind Directionl Wind Speed
(wrt Flight Track) (MPH)
Surface 350 f£ 700 £t 1000 ft surface 350 fr 700 ft 1000 ft

DB30 =20 40 30 30 1 1 12 15
0300 10 45 40 as 1 8 10 14
0930 50 50 40 35 1 B 9 12
1000 50 50 35 25 1 3 7 10
1030 g0 a5 30 15 2 ] 4 7
1100 10 5 5 15 1 4 4 6
1145 =10 30 25 25 1 3 [ 5
1230 -100 =55 =30 -10 3 2 2 3
1330 -40 =55 =60 =60 3 4 4 4
1400 =60 =45 =45 =40 5 8 8 8
1445 -90 =45 =45 =40 & 7 7 8

l: 0O degrees implies & headwind
(+) degrees implies a crosswind from the right
(=)} degrees implies a crosswind from the left
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, ArrchNDIX A
() Memorandum

LIS Department

of Transportation
Research and
Special frograms
Administration

Date December 4, 1984 Feply to Altn. of  D)TS48§

subect.: INFORMATION: Propeller Noise Measurement Program
Letter report DTS-48-FA-555-LR3

fom  E.J. Rickley i(/cllg’y

15, K. Jones, FAA/AEE-120

Noise level measurements were made by the TSC's Noise Measurement and
Assessment Facility on September 25, 198% at Dulles International Airport in
support of an- FAA Propeller Noise Test Program on a Piper (PA-32R-300)
Cherokee Lance aircraft. Microphone systems were deployed at sites 6202 feet
and 8202 feet from the brake release point, west of the extended centerline of
runway 30. Data was recorded from both a four foot and flush mounted
microphones at each site during takeoffs and level overflights under a variety of
target test parameters as shown in table L.

Recorded noise data were reduced at TSC. EPNL, SEL and ancillary indexes
were calculated according to FAR-36 procedures, as specified for CTOL
aircraft, using "As Measured" data, ie noise data uncorrected for temperature,
humidity or aircraft deviations from reference flight tracks. To minimize data
loss, the raw spectral data were adjusted by sloping off the spectrum shape at
the rate of -3dE per 1/3 octave band for those frequencies (above 1.25 kHz)
where the signal to noise ratio was less than 3dB.

This report contains "As Measured" Summary Noise Level Data for the four
systems deployed. On-line-direct-read data from both four foot microphone
systems and duplicate copies of all analog tapes from each microphone systems
were previcusly supplied to personnel of the FAA Dulles Noise Laboratory,

No further processing of this data is planned.
Enclosure
ce: J.E. Densmore, FAA/AEE-100

J.0. Powers, FAA/AEE-3

E.W. Seliman, FAA/AEE-120
1.5. Newman, FAA/AEE-120
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APPENDIX A

TARGET TEST PARAMETERS

EVENT MODE KIAS RPM POWER
A TO BO 2700 100%
E TO 91 2700 100%
C T 120 2700 100%
D LFO - 2700 100%
E TO BO 2700 75%
F TO 91 2700 75%
G TO 120 2700 75%
H LFO - 2700 75%
1 TO 91 2500 55%
J TO 120 2500 55%
K TO 91 2600 75%
L LFO - 2600 75%
M TO 91 2400 75%
N LFO - 2400 751
o TO 81 2200 75%
P TO a1 2300 55%
Q TO 91 2100 55%
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APPENDIX A

DEFINITIONS
A Brief synopsis of data eolumn headings is presented.

EV Event Number

SEL Sound Exposure Level, the total sound. energy
measured within the period determined by the 10dB
down duration of the A-weighted time history.
Reference duration, 1-second.

ALm A-weighted Sound Level (maximum)
SEL-ALm Duration Correction Factor
K(A) Constant used to cbtain the Duration Correetion

for SEL, where:

K(A) = (SEL-ALm)={(Log DUR(A))
Q Time History Shape Factor, where:

Q=(100.1(SEL-ALmh-(DUR(A))

EPNL Effective Perceived Noise Level

PNLm Perceived Noise Level (maximum)

PNLTm -Tone Corrected Perceived Noise Level (maximum)
K(P) Constant used to obtain the Duration Correction

for EPNL, where:
K(P)=(EPNL-PNLTm + 10}{Log DUR(P))

OASPLm Overall Sound Pressure Level (maximum)

DUR(A) The 10 dB down Duration Time for A-weighted
time history

DUR(P) The 10 dB down Duration Time for the PNLT time
history

TC Tone Correction Factor ealeulated at PNLTm

BAND Frequeney band number for largest TC factor

MAX NOY BANDS 3-1/3 octave bands exhibiting the largest Noy value
in the PNLTm spectrum

Each set of data is headed by the site number, microphone loeation and test date.
The target reference conditions is specified above each data subset.
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APFENDIX A

Table A-3 "As Measured” ALM' and Corresponding
Emiesion Angle” for Each Event

PRIMARY PRIMARY SECONDARY SECONDARY EMISSTON

EVENT 4 fr, GROUND §.fe. GROUND ANGLE AT AIM
Al 89.3 92,1 8e.1 90.7 73"
A2 89.4 82.0 88.3 91.0 67°
A3 B9.9 92.0 88.1 90,8 707
Ad 89.5 91.7 B8.9 91.4 70°
A5 89.8 91.6 B8.5 91.5 70"
B6 89.3 91.5 87.9 90.2 66°
B7 89.1 91.5 87.8 80.5 68°
B8 89.0 91.2 B7.9 90.7 69°
B9 B8.9 91.4 88.4 90.8 66 °
BID BB.7 91.2 88.2 90.8 68°
Bl1l 88.9 91.6 B7.8 90.7 68°
clz BE.D 90.6 B7.4 90.2 68°
CIL3 87.9 90.4 87.4 0.2 67°
Cl4 88.4 90.8 B7.2 89.7 63°
Cl5 88.0 50.1 87.0 89.6 65°
D16 B7.1 B9.5 B6.8 R9.5 64°
D17 B8.4 90.6 87.3 90.2 72°
D18 B7.7 B9.4 87.0 89.6 73°
Dle 87.2 89.9 B7.6 B9.8 -
D20 B7.9 89.5 B7.1 B9.7 67°
D21 B7.3 89.6 B7.1 89.5 61°
E22 88.0 90.6 87.1 B9.9 67°
E23 g8.2 80.8 87.2 B9.6 71°
E24 B8.4 0.5 B7.5 89.7 70°
E25 87.7 90.2 87.0 B9.8 70°
E26 87.7 90.2 87.1 89.7 f6°
F27 g7.9 89.9 B7.4 90.0 69°
Fig B7.1 §9.8 B6.6 89.2 67°
F29 87.2 B9.6 B6.9 89.7 71°
F30 B7.4 90.0 87.4 90, 4 68°
G31 B7.7 - 87.7 90.2 fB*°
G32 B7.1 89.2 87.6 B9.4 72"
G33 B7.3 B9.3 86.5 B9.1 75"
G34 B7.1 B9.1 B6.6 B89.5 72°
H35 86.3 88.8 86.7 89.2 74°
H36 B7.4 88.7 87.1 89.0 66°
H37 86.9 88.7 B6.7 B9.1 J2°
H3H B6.4 B6.6 86.5 89.0 74°
139 79.4 B1.0D 78.0 80.5 732
140 78.7 80.7 77.8 - 70°
141 79.0 BD.8 77.7 BO.4 T1°
I42 78.4 BO.5 78.5 8l.1 15"
I43 78.8 Bl1.0 78.6 8l.1 73*
J&4 78.6 BOD.B 78.5 Bl.0 -
J45 78.7 80.3 7.7 BO.2 78°

1. Uncorrected for off-reference altitude, temperature and relative
humidity

2, Specific angle of maximum acoustic emission (see sectiom 3.9)
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APPENDIX A

Table A-3 "As Measyred" AT Tand Corresponding

Emission Angle” for Each Event (cont'd)

PRIMARY PRIMARY SECONDARY

EVENT 4 fr. GROUND 4 fr.
J46 78.7 80.7 79,2
J&47 77.7 80.0 78.13
E48 82.6 84,7 81.9
E49 B2.1 B4.2 B2.7
K50 83.0 84.6 Bl.6
K51 Bl.4 84,2 Bl.6
M52 77.9 79.6 Tlal
M53 77.5 79.1 77.9
M54 7743 78.8 75.8
M55 77.3 78.9 76.4
056 - 78.1 76.0
057 - 714 o
058 - 78.1 76.8
059 75.9 77.8 74.8
060 76.4 78.0 75.4
061 75.3 77.4 75.4
062 75.5 i g s 76.1
P63 74,7 76.2 73.8
B64 74.3 76,1 73.6
P65 75.5 77.3 74.2
P6& 4.7 76.4 75.3
PRT7 73.4 75.3 73.4
Q68 72.6 4.4 71.4
a ]3] 72.4 74,1 71.4
Q70 73.2 74,6 71.8
Q71 72,2 74,2 71.3
N72 77.3 79.8 76,8
N73 77.0 78.6 76.4
NT4 77.3 78.8 76.4
N75 76.9 78.4 76,5
L76 81.6 83.0 80.9
L77? 82.1 83.3 Bl.6
L78 8l.6 B2.4 80.6
L79 81.0 B2.6 79.7

SECONDARY
GROUND

8l.4
80.9
84.5
B4.8
B3.6
84,2
79.3
80.4
78,2
78.8
78.6
71.9
79.1
77.7
77.6
77.8
78.7
76.0
75.8
76.5
77.4
75.5
73.9
74,2
74.2
74,1
79.1
79.0
78.7
78.8
83.2
B3.6
82.8
B2.0

EMISSTON
ANGLE AT AIM

64*°
70°
T
7ne
80°
75*°
B5°
77°
as5°
84°
ga2°
92°
97
95°
g2°
B4°
76°
are
Ag®
93°
B4®
84°
90®
68°
86°
80°®
8s5°
7.2 I
78°
71°
77°

l. Uncorrected for off-reference altitude, temperature and relative

humidity

2. GSpecific angle of maximum acoustic emission (see section 3.9)
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APPENDIX B

Table B-1: TIME HISTORY LISTINGS OF B SERIES

NOTE: Definitions for Table B-1

SR: slant distance between microphone and aircraft

THETA: angle formed by flight path and slant range vector
BETA: angle formed by ground and slant range vector

DIST: horizontal distance from microphone to aircraft

{angles and distances are at time of acoustic emission)

bl

] ;,-E?‘

S i R g S ——

A N

= Je—orsr B1




APPENDIX B
TABLE B-1
PRIMARY SITE

GROUND MIC.

PIPER PA-32R-3200 (LANCE}
NOISE LEVEL TIME HISTORY DATA

AS MEASURED
?mm INVERTED MICROPHOME SITE 16

TAKEOFF =- GROUND SFEED 95.4 KTS.

Ed

EJENT :

DIST

EETA SR

THETA

LiAad L{D) OaAasSFL FNL FNLT

REC.

THOTDULANMOMOET VO T T OWOo O <6
_-_--__-n-..r-_-..-..i-.-_--_--_..- ...... - w

?52341?4074&?41853&96431190125927419?8&3?5543158035??13

4566?BE?QG1223445&??E?G123456?80135? MO AT A O A DI P

21O9E?ésﬂ4321G?E?&5432219?9?é544321_ AP T W00 0 0 O O et T D

ﬂ33222222222221ﬂﬂ11d11111____.__“__ akatalelol
R NN Y T Tt o ' [ O Y I

Ml et M 0D W0~ LD 6_1167515.?4n.._n...._...____...?_?a___......d.—.._,..ud-l.r._.lld‘ﬂwn..._d'ﬁuz TOODCOC-~CIHANNOMN T M

-.-u-..-.-.r-.-.-..-.-t-_-r---_-.n.-.--.r--.-d--.-....-l-_-
i R i T o T G T HFOMODT A MG T ORI A SO OOTHATOT A000MT
@O0~ CIF T )0 ™~ - MO O Clg DM T~ A0 T OO A OO QO A FG0 0 Mt -0 0 e [ MU0 1) i
Ot O 0 @O Dl TV = O O (0 [ DT M0 - G O 0 O (04 (0 00 (0 0 (0 00 00 D) OO ACICI MM T LI -0
IR CACI0 0 O OO O T et ot et o e b b E R e R L L L R L T P e P

7,15055&&&3-429333Eﬂ:-.:!ﬁ.qﬂ..a_u:_...._nn.‘nazﬂ.qr._ﬂ,_wa?d.lﬁ,zﬂurdﬁlnrﬁ..ﬁd. T T00TOomMm
-.-_.-_-_-_...-r--il--r----..---Ji-_-_-l--_tr.-l---_
_H.ﬂ.r_ur_ﬁ.._ﬂ._l....-_.-,:.-._.__34_“.;."4&?ﬂu.ﬂr.lﬂ-.45—!?%&4?nud.ﬁnﬁ,_?ﬁ.hh;_ﬁ?rdo:lﬂus?d.l?d. M0 F IO 00T

11111111111112222222333444556&??3887?&&&555444443333

nT-...._nu.:.n1&.54314&333563&;4?3?4E99341439 CINO0 T INCNO AN O OMN000T
--.-.---.--_-I-_l-i--.-_.--—-----.—-.-.--l_-u..-_--—-
WL T T TP vt O 0 00 P D T OE DT CI0 M MO0 O 040 o 300 1 00 15 000 08 6 G0 SO et O g R g lg el
..nﬁ:ﬂﬁ)ﬂﬁaﬂ.ﬁ:ﬁgﬂér..:_...r-_r._r..___n_r.ur._.544A.43331:..:&11ﬂﬂ?EE??ﬁ:ﬂnﬂﬁtJ4 TITTHMMEMM
111111111—11.__1._.11.11111111111111111111

.4&..211...1.4_.:Eﬂ.l;ﬁ_allﬁ_ﬂ.z?ﬂurﬂlﬁ? et DS M0 Y 0 5_...&51#4&&...-&57191&20&361

Iq.---Jd-_-ld--!I--:r-.—J-.n-l-__-.-i---.—-t-l-i-_-u-l

1245668?ﬂﬂ111344566?E??G23Eﬁ?ﬂﬂ1110?8653211G9??76654433

????7???EBBEBEEEEEEBEF_En.,n..n..????ﬂﬂﬂﬁ-ﬁ???????_w.?EEBHEEEEEEE
ol vl

ﬂ?_.__._,.ﬁ443522.?.6?—..._._6&0?&3.25&1355#44&?.0 6—.._.__.?_&?5—..,.hv54?41#.___6@@36193_714

.-_-.-r-d--.-_-J-i..-!--.lr-_-r-l-i-l-i-.ii--i-l-i-

Sﬁ.1234?4?EEEE?G12—.&3d.ru:.uﬁ?nﬂ?ﬁ?..ﬁ.ru?br?ﬂﬂﬁr 0P LT 0 O 0 00 00 T -0 W0 M P O o

.‘.u_.x?_f_.!????????EEEEEBEEEEBE???n-._n.....,w. ?ﬂ.@???ﬂrﬂr??ﬂ.ﬂaaBEEEEEBEEEE
il

ﬁ._.n_:ﬂ.__.rnr?Er...ﬁ.1_.4_...,-,._“.6“.‘?3..“.545110423?44:.“_64?3544.4—....B.a..‘ud._...__.u:? ST O
.--_---..l-_-!-1liii-r-...-_-.r..-_r-_-_--_-l--r-_-.--l-r-
.n.14..:.,_34.3.ﬁ.?.—f7_H:H._ﬁ?ﬁ..._ﬁvlﬁﬁﬂ¢3344bu;ﬂ?a?g1ﬁal444 TEICIA QO O~ 0000 [~ 0 -0 0L 1) 0 Cd ot ot
77—!???????????EQBEEEBBEEEEE_H..urn?.u..n.,g_u..n?...-..??QQEEEEBBEBSBEEBEE

O F 007~ LT OO LI~ T 0T A T O P o [ A S T @O SO MO 0 0 00 (0 0 P 0 [ 0 I 0 04
-r_--..._-_-_..-u..-_..--.-_-_-_-.-_-_-i-_-_-. ------- ® B & & § % B " §® N B BB
.n.__.d.‘n_.fBﬂrﬁulzﬂﬁ._zzd.r.ur._:ﬂ??nﬁ?q CrT OO CI MMM O WP MO A O O O @~ 0~ B D
666..ﬂ..6........??_.r.?.???77???????3335335????9??Q.EBEEEEEBBE????????

?G?W.wrrwd.?nﬁﬁ?n.;._?ﬁwlzﬁ..q/ TART MG LTI P GO P Y o [ P T P oG AL T A OGO T O
--_-_4_‘!'_-.! ----- -_-_-1-_-_-.-.-.-.-r_-.-_-._..-.-.r ------ ® ¥ B 8 = @
LM S C M .4pdﬁ.u__,u?aﬁ...n-.._u;ﬁ..lpdwdqﬁbuﬁeﬂ.ﬁhd. L0 GO0 P )T A0 20 T T GO O~ (D
___u__E~rdruﬁﬁ6ﬁ6;ﬂzn:ﬂ6:ﬂﬁaﬂfmé???7 Ll o e e e i Fai faali o) E_.w._”..BEBBEB???????????&&&&

123456?6?&12345&?8?012345&?3?012345&78?@1?345&?3?012345
1111111111222222222233333333334444444444555555

INDICES (A,D, ..ETC.) CALCULATED USING SLOFE CORRECTED DaTA.

¥

INTEGRATION

SECOND LINMNEAR

1/2




APPENDIX B
TABLE B-1
PRIMARY SITE

GROUND MiIC.

PIFER PA-3I2R-300 (LANCE)
NOISE LEVEL TIME HISTORY DATA

*

AS MEASURED
7mm INVERTED MICROPHONE SITE 1G

TAKEOFF -~ GROUND SFEED 95.5 KTS.,

E?

EVENT =

DIST

Sk

BETA

THETA

LiA)d LI{DY DasFL PHL FPHLT

REC.

PO AT O P D e 0 19 11 (T Ll R Tl B PR el g R Tt [t oY MCIT MO T
- _-_.._..-_-__--_-._- ------- B & 8 % 8 n § -
ﬁ??._nv}c_r._?___..uﬂﬁ.u....l%r.. HADEICA O S CAO T U O ot vt et LI I R RN ot ' N o o e [ PO AT (U NGO CIET -
??38?001223445&.ﬁ?aa?ﬂ.liﬂ._34_.._m.__u?ﬁ...r.r__u,lﬂ4c.._?_H_Gﬂ.EuT.ﬁEEEGSﬁEO?#l
541...2110_?37 R URE-g "...,.100..57?6___..24 M lﬂ..”._..n__,._-;.?...u____..._ THICD = i | S CICH T p....__,._.,ﬂ_.{nﬁnunr.ﬂ_
ﬂ33333ﬂ32Q222222211111ﬂ11111_h_____H__r ~
____L._________________._

b ,ﬂ1?:4&.&?45&..-.ﬂ/d.z.u—%..41443G.H.5.-..10;Bﬁ¢a¢3¢.ﬂ._54 ?Bﬁdzﬁ._éﬂaqd_uuﬂ660._.-451.”_1_-4_&
1.-.:-_.-._-_--' ----- -..f'.r!:.-_---._-.--t--r------.‘ill
.ﬁ.qﬁbl?a?ﬁﬁ:ﬂéﬁ?acﬂi‘eﬁaﬂa?u.unr.??nuﬁwb.w-d-é? TS DO Ot AP O T FOMT T -0
r O wrdry FIT WO 0 O et g B0 0 0 T 000 50 0 ClLCWNC M -0 0 O M- O« @ MIDM 0T O
_.Ew....43_..,_1.ﬁvﬂ;nﬁ.?zﬂe..._._u__d.zn.:.lﬁv?aﬂw? LT T I A OO0 QEEE???EEEBQQHTQGIi?_THE
3333333%4%#?.ﬂ,:..,___—..:-,_..-.._n..:.-‘_....“ o v o o o el g

W5 M~ 1._4.”_1&.n..._:H.n.:.._ﬂ;?.ﬁ.r.ﬂA__?_H..Tu__...r_-u.2.1..wﬁ.:uuﬂ.ufﬂﬁ:f?—.unfﬂd.-,:nf.ﬁv..dﬁ. rROoOYVoronMMT
r-.r.-_:-_-_-il_-..-.--.-_-_--_--i.—.-.-:-i-'.—---::-.—.-.—-l-.
LML Eecoo =AM M T O DO T DM ORI O o O T O 0 OO0 0 O W O O IO P I M
It et o v o e O O CIMIMFIM T S TG0 o ede i R T R T - s

za;ﬁﬁnﬁaﬂﬂ.ﬂﬂeﬂ_?sﬁq _.-.._..u.nu.-ﬂ._5.425.4??6.336514—:._6 LI TC 0 AP A 0 O T 1)
L ® B 8 ® OB RN W LI I ] & " & @ - = 8§ W " & @ L] L) " = - ® & a2 L L} L]
7._f,.n...ﬂ__....:...un.w44322q._nuﬂ.nr.Hﬂ;65421??.&3195234?4?3? léﬁeu.,hwﬂﬂ.}nﬁ.uﬁr:ﬂd.ig?:u
:_u...ﬂ.ﬁ_;ﬂ;ﬂiﬂ&ﬁéﬁzﬂ_.ﬁzﬂﬁ‘.ﬂ_._.u_:.mru.__v..eqrue...___r._.a.d. TN ICS 0 v I.U_.ﬂ_nr?aaﬁ...ﬁzﬂﬁtqru4444333
11111__1_1._.1.11..111111111111111111111111111

?2725040063035643&85?30095?664340E4ﬂ95111149?3??35??26
L " w "

-I-l.--_-u--ni--i- 'S o w 3 lh----i:-.—.--l--l

TR —O Mo Baﬁrdﬁ.qﬂ.?i:ﬂﬁﬁﬁ.hc? OO T DM T OFOM [T T A = T OO O
LN | L]

-llr-_-.-- LIS BRI I IR -#-!-i#ii-rt-l-li---..-_-r

?112344566?5??012344556?8B?G1235?E?GGO?E&AEIlD?E?&S#EE

zn_x.???7???7?q.r?T.ﬂnEEBEEEE.HSE.H_Env?D:??ﬂ,??ﬂﬁﬂ_?ﬁ:?????ﬂraﬂﬁuﬂaﬁ.nﬂs
Lahal o

IS0 @O0 Mo CI= DM T o o CIC @O0~~~ 0 MOMOA~oTmoo Mo MO~ Cir
L]

--_.-Ilrnnl.-- -.-1-_.-.-!- ----- i-i----:.—-li--ut
Cricicimmg BT 0 P (00 0 O O et bt S o T K Tp B 4 R PP OO A I T 0TI, OO Or-0-20T M
???—!7.7.??...r-/????.H__...bE.H_B_H..:H_EB.H_.H:.bEE_H__H:H_?????99??9???3858585335

-....-.-_-.._--4.-0..-_..._._ ----- e RE RN % o8 B o5 s & omoE @
577../__..n_._urn?...TDl_..,..:..,_31...4.__-___66?BB??.U:-._“.._31_...A.ru:madﬁl_.a4.-#321??&—.44321.30?3—/&
6666_66,&6???777??77 ???7?BEEEEBQEE?????9??3339553935???7

,..ua_m.,:.ban.._...,___h?EE..J?T._.O.U.EJ._HEJ?THl64%«-...&9.4:ﬂ?d—r..“ﬂ__?mnhzum_uraq_nrl.q??_bﬁal_.....__/nnl_......?

n-r-.-..l-.-_-rl--.-....-.-_--_-.....t.. -_-.-.-_-.._.... ----- L] b R B R ]
i e R [l s ot d Ty ﬁ?.?aﬂ?.Ulnn:..ﬁz.qc.mﬁa?nuld.ﬁnn?ﬁ.ﬁw?? 0T OO 0L TP A =S
__:____.__..._____J._..c.‘nTn,......6,......ﬁ:n.jﬁ666.&&6?77???77??5939859&.E.HE.HEE??????????:G

?E?ﬂ123456?8?ﬂ123456?ﬂ?912345&?B?G1234
ot A A e e e T O OO0 233333333334 TISq

A
a4
47
43
4%

G123456?B?0
I W W LG <0

INDICES (A,D, ..ETC.) CALCULATED USING SLOPE CORRECTED DATA.

*

INTEGRATION

1/2 SECOMD LINEAR

B3



APPENDIX B

FIPER PA-32R-300 (LANCE)
NOISE LEVEL TIME HISTORY DATA

TABLE B-1
PRIMARY SITE

GROUND MIC.

AS MEASURED
7mmu [NVERTED MICROFHONE SITE 1G

E2

EVENT

TAKEQOFF —-- GROUND SPEED 93.9 KTS.

oIS,

SR

THETA BETA

Liad L{D)Y DASPL FHL PHLT

REC.

.....................

AT O AT OO S DT M O FiF L 0 (O e THTOMNNTI M= DO M -0 G0 O e

NOPDe0O N T D90 DR0 AT 0RO O T 0 OC T0 0 DT e 0 0T ) LT O o T

FICI = O 00 @O 00T T P 0 Q0 T T 0 T FICH G 0 O COP O T o | SEIFMTI00 Moo O
11.__.._1_,___________ -
11 I

31..._...._...1...2«..,.2_..A.ﬁ._n.,.?_zﬂ,.zﬁ._lilllll
L O Y I I I T A R R A A Y T "

Cir T 0o~ QWM MNT DO 0 WP PO 00 CIC 0 D MO L) 0 0O O W0 T W) TP 000 IS D0 0
--rii-t-!ll---..---.-l-u.-.-_-rl-!_-.-_l.-_-n-l-!-l-u_-
DA NOMOCT TN IT T O OO T T L0 MMODO T T MM 00-M0-~0
PO TNONDC A0 T -00 O PN 0 w7 [0 10 O O TONTOAxAMIROMN OO0
33-410?5_.(6654-......21@.0_9ﬂu?..ﬂ___..—r-:ﬂ1.:...,_211..0_?nTn.....bEEEBBEﬂE???Gﬂ.iiEﬁ..sz

FIF MY P CAC A CICI O O CHCHCF 00 w4 v o8 v v et e vt ot v ot ot e e el I

é?EBE?273?630????5035310151D2769EE?ZE4G?6E¢351Q1526G2
riil-_t-_-_i--iil-i-:-li!i-r-ll:-li-ilil--:l!-h.i--
359900112234556?ﬂ? AN =00 CIN0-MOMOT L0 F O 00 O G0 P W P

1111111111111122222233334445566??EEE??66655544444

SADTRNONOTODATNOOOCR T 0T -0 CHOR O A DN ON M ST PN SO IO 0 0 [~ O

& F & m =" @w " N B mN W EmonoFoEow L L] L T B N R " " = u L} L BN RO TR RE R T ] B & B oE R oW E " F N R L]
6-.u__.-__4.4..433?_11ﬂ?-ﬂ_E7:ﬂ4-.._.__n..-ﬁ_ﬂ,?-d-..ul_H.v-._n..__d.,.—_...._ﬁvélﬁﬁvq?w‘uﬂu:ﬂ.ﬂﬂﬁﬁ4n’64197_ﬁ
00 00 0 0 0 <0 00 0 -0 I WD D D o O TEMMMEANAAOSrDONO0ONNT TS THRM M
Tt A e et et v et v e e o e e v v o 1 v e v g e e e

NONNAr 0O T OONMVOMNVCDNOARNO OO # MO M TN OO O M 0@ oM

-II--I-#-.-:---.----l-Il.--.--.---i-.l-.-.-_l

PP 1~ 0 00 @0 O ot o (4 O T HI0 0 P (D DOt TNIRNDOO OOV T OO DM -0l TT

PSR COoCo0C 0000 0000 OO0 O ¢-0~ 0+ 0~ 0~ 0~ 0~ 0~ 00 0 @ 00 00
latal o Ee b ]

- O—EIT MMM FIFMG 0 A T 000 0 WA 0T T DA SO M T OIS TR0 OO P 0 M0

r-l-.-_-l!-l-..-.-_--l-ll-tit-li-:I-lt-!l-l-til--

...U-_....uu_:_..w.a:_n.r.__..u.r....A:/_..D?.u..0_1—-,___33.A.E-.__...urn?nﬂ.ur..U_n.,:._..._..u?.ﬂ.ﬁ.?G?B?;ﬁd.-alinv?nr??éru.ﬂzﬁﬁ

Pl P P P P P ?7????335&53393559??9?ﬂrﬂr??ﬂ????ﬂr?ﬂ;??ﬂueﬂuﬁaﬂasa
Lol

4&52&58&&29&48453??615?313143434204295125??15136ﬂ5?32
..-..--i-l-l-l--l-l---l--lrn-:iit!-a-w----_a.ld
.-.J:...”.A_.___....44455&?359?;@11...;3331...456?5?01?.344433.-...19???957665_43?_
—!-.f_f_.(..!7._/_.f???7?7ﬂfﬂ_EEBEESBEBEEEEﬂT??? 0~ 0~ 0~ 0~ O~ 0~ O~ O~ (000 00 00 00 10 (D 00 (D (0 (0 00

.....7A_..ﬂ_...._n-..—.._...a?.ﬂ......BET.._E343033?3?%;4@13-&.0#.453 TUIAOAMORMNNCOMToC4M -0
1-.-1_-.---_-_-.-'.-_..'ll.-_-r-_-u- nE RN s s N @ Bog @R oW N W W E N BN
LDCOr OO AMM TN MGEOAM T~ CACIFPICI = O 0 0T M 0Lt O 0 0D [0
D DD P PP P IS P P P s P T e S0 00 6000 C0 O 0~ O O~ 0 0~ O~ (0 0000 (000 0000 G0 COP I P~

FICIM S TR0 AOBMN N~ 00 L 000 TEICIEI 0 1 BT OC G0 00 MG LI TGN T O
l'lIII.IIII‘I.?II.IIIIII!G! lllll ill.-lll’.i.l-l'!'.lt'.ll'
WO A =TI TN D DD Gt UM D MO T D@00 0 [OF 0T (IO D~ 0L T IO A O OO
VI8 0-0-60 6000500 0-0-LI Pl P 1~ 0060 00 06 09 5 (0 00 (000 G0 5 G000 T e P P P P £ [ [ [0

a?ﬁ.lzz.ﬂ_ﬁ_zﬂ?n.ﬂnrﬁ.:l:qaj.rrué?na?ﬂ.hlﬂ.:....._d'ﬁ.b?ﬂﬁrﬂ12345673?91.-.“345679_?0
bt abaialel ab el ool el lulaie e e N le e Rt T o T T Rl el e i TS T TN MDD L0

-.ETC.) CALCULATED USING SLOPE CORRECTED DATA.

INDICES (A,D,

*

SECOND LINEAR INTEGRATION

22



APPENDIX B

il

TABLE B-1
PRIMARY SITE
GROUND MIC.

NOISE LEVEL TIME HISTORY DATA

*

A% MEASURED

iG

mm

BT

EVENT

SRTED MICROFHONE SITE
GROUND SPEED 95.4 KTS.

1NUE
TAKEQFF

——

DIST

SR

THETA EETa

LiA) L{D) DaASFL PNL FHLT

REC.

6162840?5310013594@830412645?4?¢24EEOES#&G&&lEEGG?E45530615924

-.r_-_‘uw-ﬂ.“-..np_“_-_-O-&:D“-r--.H"-Lw-Jh“iﬁ—”i_.-nﬂ-—l-r-u_-l-.-:-u-ﬁ....-.-_-.-.-_-u.qw-.ﬂn

O DHDDNONN 0 OMON T 0 Ty 0D DGO O O oD LHONT 0T 0-M g O MG CruT 0o —cyfI1)

??B??O1123345&6?88?01223#5&?B?1235?80253&85398530?42?630?52?&3

MOHOOr @G g M~ 0 @M 00T 10 ~O on @~ 0 G I M o 1 HANMTONONOO Co-nMM T INNoN

ﬂﬂsﬂzﬂzﬂrﬂﬁﬁzﬂzﬂiﬂlﬂﬂﬂlﬂlﬂ_____m.____ T o 7 e e 4
(I T 0 Pl 1y

9?5@533522&53?24431141&181&5645?6??135313326?252150?&5415&2411
L L R R T i el e . L] MR R T I e e e L M g e

432211112346315940?545?2EB0&611?0ﬂES?11310424#8?2&3&9?&24?15&5
0123456?8901245690135??24714E3330?43234581482?162?3?4&?3952851

4321G?E?a554321G??E?65443221009?9BBEEEBEE??90011223345ﬁ66?53?@
s L Rl o B o L e i e et iy

?3?26162541?75445??3?6457Eﬂlﬁs4ﬁEG4G624343&?2&049??3151?E33345
-._—-_.-_t-._.__..-_-l..-.___..-.__-__-.-_-._t._-._.4..._._._..w_-._-l--_-_--._....a-__-.._-.-_._
?EB??0ﬁ11233456?B?GEEE??14?GE?1éﬂé1?ZEél61?39?4156421?8&5#321ﬂ

111111111111122222?333444ﬁ5667?EBBE?76ﬁ655544444333333333

?5162J2604?91J4A31?5924316&?35q9084326212&4505327556?395311123
L [ - "y . l-_._._-.._-..l-..u-_-_-.._-....-_l..___..--.-.-._-..-u:---.-_
55544332210??8?é5421?8642?$3ﬂ62?3?161505051740?5 COLgMeCp O -SnT
ééﬁé&ﬁ66&665555555554444433332211&&??&8??é355544u4333333222222
e g vl g g e g v T o g g g v g = T e g v e

T W0 IO @ D T .._...._t....dl.ﬂq......ﬂ,.ﬂuﬂmﬂur...ﬂu.ﬂu_:ud.?:ﬂ31-._._&._4-./.u..72—-.__1!12_..(?_1?1.-451.._319.ﬂvn.._ﬁu?43r._aﬂﬁ._
..“.?..E._?.n”...L.4..5...,“...q”.m......._v...,n“...4..,,,.4...m.m.m.m.m.an..ﬂm?.
WINT G DD DS IR0 VMO0 A (YT IONC O OO0 NI 1 O D @G0 DT [ I gt

???7???BEEEEEEBEBEEBBE99?99??9??OGOGD????????BEBEBEEEEEEEEB???

e L ko o P

355?9G?6?0635&?7&?ﬁ33328322¢3?ﬁEé?25&46111?05136?23?2352?543&4

..--.-l--lr-i:.-----r-..-.--__--_!--.-_-.-_..--..-_-.-_-..-_-.-

33444a6??9??D112223456??B?GE346?E?D??E651211?5?&554221&&??3665

7???????????EEBEEBBEE55338?99???990?9??919?9995353583953?????7
< >

?2???E?4082JE4&016?6523921?:16638?246?355329?4?14229?141?030&2
I AL R I R L L ST R SR W e W gl g R 8y ooy # e i Bk i et Lot ST At e SRl el
23344S6758?9?001111234556&63??0123444321000?5?5&55421100?9E?65
7?7??????7???BBEBBEEBEEBBEEEBE?????9???????EEEEEEEBEEEEE??????

1.4...1_7_H:./_./_...._..._...,4_H__..Ur.__,..ar.v?ﬁ._.m.u—r..l?r.:ﬁ.4193551?2443@6433?&?1?55&.3535?4740342Eﬂ
- -.-.-....-...l-...-..__-l.-...-_.-.-..r..--..-_-_-.-_..--.-.-.—‘-.--:v-_.ra-u
EE?n9012&33445ﬁﬂéﬁ)EB?01:255éa?1:333?1?Eeﬁ4411ﬁﬂvs?éﬂ54443210¢
6&&eé?????????l???T???EEEEFBEE8??9???9BEEBEE&BEE????I?????????

EAEJ??éJE4ElB?E?G¢1G643DAGGEEa8539333??345?6514?3158?8?8?55&1?
Woes B MU L TR e e e e ey e 8w B lE iy R e ma W el E et L i M o3 S T el M ket o s e
D0111234ASEﬁ&??a99&112345?8013%???09554:&8 VTl A0 GENN LT M
6aaeéaﬁﬁaﬁﬁaﬁaaaﬁa?77?????7EBE&EM&?EEBEEB?W7?71?w??aeaéﬁaﬁaﬁﬁe

123456?8?912345&73?G12345ﬁ?ﬂ?ﬂ

UM T NLR OO M T IO 0O (9 T [0 O ot O
111111111122222222223333333 L qgdq

E N e L ! MWW 05D

-ETC.) CALCULATED USING SLOPE CORRECTED DATA.

- INDICES (A,D,

LINEAR INTEGRATION

2 SECOND

1
-

B5S



APPENDIX B

CLANCE)

PIFER FA-32R-300
MDISE LEVEL TIME HISTORY DATA

TABLE B-1
PRIMARY SITE

MEASURED »

AS

4 ft. MIC.

ES

EVENT «

SR DIST

BETA

THETA

LiAl L(D)Y QASPL FNL FHLT

REL.

5051&3?6310??913?23&5?1852143?35??3943891511662441599353?4824&

------ o Mo Niln Wy W R BT g Ny Wy Wog Bl m W N . B Mg Big @ g ® g g g g B g B R g

E?52851552?5???41?64209?5666?81433&?L&LGE405?37036502458?12456

PP 0000 Ot AT 36D 0 00 00 0O T4 CIM o WD G 0 40l 1417 [ 00 3 C1 M1 O D M 3 (0 A 1 S 1 £ 00 19 O [ b0 10~ 26 1)

321&?9B?éEﬂEElD?376654321998?66543211_ =St aEOD e O S nIM [T G-

ﬂﬁﬂﬁ:ﬂ:ﬂzﬁzﬂzﬂ21111ﬂ1ﬂ1111.__________ o ks bl p b Sl <chd
et Rt T P LA Y i el Wil |

2413?44J3J64?59Q??54525346??él1291613&436?33515441532229463523
" L L " .._.4._-..-._l.-..-d-_.-_.._.4--._-..--...-..l-.-_-__-.-_.-_-._--tq._ lllll
TR CONIMN O M@ @M O [0 G A D D T g 7 i P T DOk 0. T oOn M o0 ] oM oM
9123436?390124563??35??147ﬁ4EEHJM&43EEESﬁQA?261&1?334062?51341
4321&?8?6554321G?EE?éE443221ﬂ¢?9EEEEEBEEE???QG11223345E6é?EH?G
TV 1) €4 YOI C O U YO OO ot 1t e ot et g b o g oty ot A A g e e o O

BEOANIOSANTOR LTI TIDHDT MG O T IO N (0 g g CimM (10 D o Cln D o F g Vg (el
o - " " g . m oW e BT W EG R W e e e e B M L T L T e g W Ty
?EE9?091123345&?3?0235?914603?1505L&EE6161?3063186421??&5#321G

1111111111111222222333444556&??5885??ﬁ6é5ﬁ544444333333333

GJ2?3£2?14EJEA5542G604552?9E4&50195?2&201534?&?5&43552742&0012
® b Bl L Sl TR L] .__-_-._...-.-_.._-..-l-_-!-_-l-_-__...-I-ll-..__.._a-_-_._-.-.-__._.-
6554433221n._ﬂ._?E?.a543198642?&3.ué283? Lo O MOS0 M OO 2T
6ﬁ6ﬁ&&66666&55555555544443333221IGM??BE??é65554444333333222222
111.1111.1_11_1.111111111111111111111111

3?4??155:?09732&G3344?&?EEGE?4?253?EE#?Zé?lﬁ42?&0ﬂ?$5?4?35ﬂ3?4

-u-_.-__.-_.-.__.____.___..-_.__..__..-____._..-_-_..-_-___-_-_.-...-_--_..__.-.-_..-t-._...._.._—_.
33444&é?SE?E?OGGGQG123456&80136EEE?6554399???&3221&?8?&5443212
?????????????EESEEEEEEEEEEB????99????????EEEEEEEEEB???????????

EéEEEé?DElEEGE#EE&???l?3216&534??324233?3?0?E542&?51114??3?30?
LR B TR R T T -_-r-_-_-..--.....-__-.--_---.-__-_nr.-ri-r-l---t--_rnnn
llﬁ._ﬁ.:.r.‘._...:d:.__.._6.,n6???????...n.?1_134563_n..1.4_ﬁ_6??,ﬁru43l?n...nu654219??5765433111ﬁ
??????????7????????7?3888935???9????????EEEEEEEBB?????????????

?EéA55G?4?EGEEE&GEEE&&5EG144EéﬂG?342?043&?3&22ﬂ9ﬂ8?14&ﬂ&225?33
n e .-_-..-_-l.--..---.-...-_-..-i_-i--_-_-...-.r-_.-_--.-.l-_-.-..---_-_
?ﬂ0112334455555555456?8?D1245??Gﬂl1lGG?5?55432033?653232210??8
6???????????????7??????758885389???9?95EEEEEEEE????????????&&&

3150503?3?B?164Eél???????24561?4§950863464623444&92?3345243?3?

-__-.---_-_..-.-_.-_---_-.--_--_..--_.--.--_-—.-ri-_-!:-ri---
566??EEE?9??&9009112345&?90246??OQOQBEﬁSEEiG?EéE4331&??93?6554
66ﬁé6é&66éé6??7?7?????????EEEEEE????EEEEEEEE?????????&&&&&&G&&

346AE??JBGG?ﬁGEE&?#EO?é&Q&i?Eﬂ&4?633415Si???éﬁﬂqéﬁﬂé?ﬂlé?zﬂ?n?
b, BTy & ¥ m _.-_t....-.._-r-_....t-.._-..-_.-..-_.-_-.._.....-4‘--.._-_.--_-n_-.._._
OOO1911223321434446?33?0235??1356??é43_??54321O98??é554322100?
&aéééaaﬁ6ééé&é&éa66aéﬁa??????EEEBBEEBE$????7???6556&666&&&5565

DG T 20O

AN TOORNDGO MM TNONOR O M TOONE O T o el
TN RN 0-L-0

0D O e
A A A AN A e e T g T

«.ETC.) CALCULATED USING SLOFE CORRECTED DATA.

= INDICES (A,D,

]

INTEGRATTION

SECOND LINEAR

172



APPENDIX B
TABLE B-1
PRIMARY SITE
GROUND MIC.

PIPER PA-I2R-300 (LANCE)
NOISE LEVEL TIME HISTORY LaTa

%

AS MEASURED
7mn INVERTED MICROFHONE SITE 1G

TAKEOFF -= GROUND SPEED 73.4 KTS.

El0

EVENT s

DIST

THETA EBETA Sk

LiA) LiD) OASPL FNL PHLT

REC.

L R WO F 8w REBCE BR ORECN R OB WM WoR " & & &8 8 ®w w % & #

THIAO ) _H.?,.n_.._.._A.Eﬂullﬂ.ﬁ.nu?nuﬂﬁulﬁ._zc.:fﬁvd83?644469?ﬁ.?ﬁ.ﬂ??lﬁ_aqtdé??ﬂ..anuaga

-t -?.H___u..n.......ﬂ.u1.___.n.rgérﬂﬂ?ﬂl—...?..nﬂﬂ?ﬂ.?lﬁh#63ﬁ%¢5n.ﬂ?52?541352963574...8

;10?5?65432210?8?6543321O?E?65543211_ AT T o O P 00 O O et CAC T T

1._-H..:..m..:r_:..._,._..m.hn..:.w_n...-._._ﬂ._—r.:”_.:..__lﬂ...1_11111.1_1" o IO T S et e Y i | L o B B
I I I [ 18 ) 11 I S T G T T T T

,ﬁ.zﬂ_H_,.ﬂ__43?&-....4..1...4.b93735?Dﬁ_&44363?ﬁ.4e4r4énv.....__.._ue.._nn.-..&ﬁ..n?_..._a.w.__...:.._._ﬁ_.,-.d.q.a.1...{?...-._7n_.ﬂr_uv.
# & & ®oa -_r-..._-.-.-.-_..: W L] LA
5

12345?3?51345?50135??136?25327EEAi?B?E?GS&?332?253?51?3?513

w.uﬁ,.__iﬂvﬂ-.ﬂu?.ﬁaﬂr.._d._.aﬁ.._199?8?6:Jtﬂ43ﬁ~ﬂ41ﬂ._ﬂ.ﬂ..U.. LM r-r- ?Baeagﬂ,ﬁ.c_llﬂ_ﬂ&zd.d.rdrdaﬁ—_f_f
33332—..:....._;,—2_..,_ﬂ.._?__...,__..r.....,__—.,_q...i.1_1_111..1.1..1_11_1 em i

15?43334?629?54435?2843351?154?4435421369302&453433353?6433
l-.lil-..'li.t.-I.'-.l-'l'li.li lllll I-li'..ﬂi"lll.!.‘ lllf'l.-'lii

ﬁéé??ﬂE??ﬂllEE4ﬁ&?80135??24815?4940&23&&61?39ﬁ3DEé420??6543
111111111122222233344455&??BEEE??66555344444333333

51?23352?04??12219?4
- L]

ﬁ_w_.....,_.,.."w._uﬁ..__e._?ﬂlﬂa.n..ﬁ._ﬁaalnaqem?ﬁﬁﬂ,552@149??1495:9??
RORCE NG -.-_.--_--_.--.r-_..-_..—..—..-_...u-.--._.-_..--_-.-..-
ﬁ;ﬂ__.u__n...:a.431....._...:.;_1__““__??_.-b?.(.55_,_.___...L__n__.??:430?41?ﬁ4ﬂ37r;.?nﬂ..45353?52?63186*5431“?9.3&r..
,.n,.ﬂ...nrn_.ﬂ...ﬂ,.n_.ﬁa.n_ﬁéﬁrdrdwueurdrup..__r.uﬂﬂd..4._4.d._.._...1.._3ﬂaﬁall@ﬂn‘nrﬁ_u??éﬁﬁ—ﬁ_bd.444333331&?—7_*;:{_
1411_.:._1_.411111111111111111111.111111111

15192&494234?63333259249220662??4@92&1dJﬁAﬁAJJﬁAJEJZJJJJJJJ
.-.-_-.--.-_--_-i-....--_-_-._--u.-.-- - L] L] -

m
G134é&?E01111:345a?33?99113457891211G9?53211&?8??65543321ﬂ
7???????BBEEEBEBBEEESEBB?m??????c0mmm?9??9???99&8889388589?

Ll

?O?E#llZEéEEZ?E?S&E?EﬂE4&?&34356&350136G69JOOJJJ33JJJJJ£AAJ

-h-rl.-_--_---.---::--:---r-_--_-.-. LI

Mo-OrMme -0 m OO0 I T DD ON D0 O I N D0 OO OO0 D0 L HICH A S DU T T MLt OO 0O [

66????????m???EEBSEEEEEEBa??999??ODG????????PEEEEEEEBEEB???
el a ke ]

00590?05851404Eé43??24405313ﬂ145?5?&3&Aa??E?JEJJJSJEJAJJ9£J
_.-__...._-_.__._-._.-_.._-_.__..-_.-._.._..-_.-_._t..-_-_..-._-.- ----- L] - Ly »
3 . 0
?0124455&788???G1223444556?B?G12344444219????7?6543211G097
ﬁ??????????????EBEEEBEEEESEEE???????????QEEBEEEBEEEEBEEE7??

?836?5058?12515631?34041223?1??OE?EEEEJ41330&JJJJ&JJJJJJAJJ
.-_--_---_r-r-.-.-_.-l-_-_-_-l__-_-.--.-.-_--_.-..-..- ----- -

34é?E?GG121134455?73?&012345?302333321?&?544311&?87?6544321
666666????1??????????835558?85??9??9??BEEEEEEEEE???????????

20355211345453329&5&3233936&43638523?445&55&?5??4JJ15£E?JJA
.-_nl---_ll..-.-_-_l.-.--.-.-.---:--.-r-_-._--_-. -------- - LR

o : 3 . 2
67890123455556?389012334ﬂ?85246895997ﬁ4?GG?6E4322100?EE?66:
535Eé&ﬁéﬁééﬁﬁ&ﬁéé&?????????SEEEBE??EESBEE?????????7?66&&6&6

OO - CIM g IO Mo
TTNNRN WD ONL

0

123456?899123456?8?G123456739U1234:ﬁ?ﬂ S
ba bt et ot abab ol el ool o la T Tt Tt T o] CICIFI MY MMM MYV I M 1 o o o

--ETC.) CALCULATED USING SLOFE CORRECTED DATA.

- 1MDICES (A,D,

#

& oy

ST EEM™mMEIS 0 TR AR FRITEAe s



APPENDIX B
TABLE B-1
PRIMARY SITE
GROUND MIC.

PIPER PA=-32R-300 (LANCE)
NOISE LEVEL TIME HISTORY DATA

AS MEASURED
INVERTED MICROFHONE SITE 1G

TAKEDOFF —-- GROUND SPEED 93.4 KTS.

E1l1l Fm

EVENT 2

DIST

THETA EETA =1

LAl LiD) DASFL FHL FHLT

REC.

_.._B4nu630?41??541._334-..:fﬁ-40..r...A.._111...En...rn...u;_raﬁgs_degé.ﬂ??]ﬂeualﬂlﬁ.]lﬂ.ﬂ.ldrrﬂr...znv i

# ® & § = ®§ & & ® 5 ® = W & § n @ B & @ & F # ®mw & W W §F O & N B B & ®W om W o® 8 8 ® = ¥ & & = B E 6 N EH & ® @ w®w w & m & §

MO NTM A o000 00000 0OHCIMNMOTOMEF 0T TT DOMNCIS AT PV T W00

TCRFOCOANM T T OO0 TN OO0 O TS OG-0 O CINC O M UIC0- 0T A 0TI DM

PO TE A0 @0 T IGO0 O AT FIPIC SOOI T = | A CIEIF T T G0 [~ s 000 0 O

ﬂw-ﬂ.::_.“__ﬂun.__._ﬂ..__ﬂ.u_J.:.._a_...q_.-_.._n.—_._ﬁ_._n,...m.:,__nm._mﬁﬂ_zﬂ_1.1_1.111..11_1_....1_ [T T T T T T T T it
L [ P ey B e !

ClEOCOHO0 AVAS MO MO DM T T 00T U000 000 00 o P At T P 0 O 5 00T 01
E.a & s & 5 B B ® 8 6 5 F & % & 8 = F 8 0 S %" 8 F 8 % mow g mOW WM oE M Wom W om N o§ A mow R W &N R NN AW RSB
L0000 00 O =PI 0 (N0 DT O LT T D0 o o 27 O O WG CIUT W T w0 O 4 0 1 O D o (O D 0 O O O
W0 @00 =M -0 00 O AP T M DO CIFI S O o 1000 C 0 P - OO T o= O 00 P 000~ C1 F SO0~ @ C4 CL0 M 00O <0
0TGSO D00 T - OO TN A OO0 0O MMM OO O OO A CIC T T
FIM MMM M MG GO CI O T D0 v ot v ot 8 ot ot v o R I S e e e |

Mo e 00Nt s ORMo 00NN OMON TN HO AORNTHONTT MO MO0 T T CICiT o
AR R W R RN R RE R e R R e R e me WORLR g R g E e @ m s R 'R R R E g a NN E ¥R R 8 #
TTTNNROOANOOECO-SHOIM TGN O A MU G 0 T T OO0 M0 I M0 MO GoTOIC o

At A A A S CICICICIMM M S T DO G ROm S SN RN T ST T M

TADQWITIOW A HOMOMNSOT RO DI A O P T 0 OIS I 0 GO M O GO I DO 0 OO A A ) O O et T
PR 8- R R R W R B B WOEC R R B CEE e m e e w o e et e e Wl e e R R e e W e Rk, N .
COPMAASOSLNT TGO DN AO O SIM O T = MOS0 0 G0 M0 0 (101 0~ <0 M~ (20 F M
L0 00000000 2000 g0 NN DN T TSI T T MMM O AR SO0 ORSOONNN T TS T MMM E
A a ml kR e e B e o e B R B e (et [ e [ P S St R e I |

??42535??6354??0?3?60?G1956101?&0&??1?94924?197ﬂ5?ﬂﬁ457?9250

o REE DL S R Tl B B L RN TS I B RN DS RN RO RN R il B SRR SN R N PR R R TR R T R R U R B R R R B DA IR B R T e

O MIT TS SNECOONCIMT TONEDO0 O e et O T F U 0O v Gt 1 O D T 0 (e O O 0@ [~ 0 1 T M

Pafs PPl PP PP s e e 00 00 00 00 60 00 00 00 00 00 00 00 (O~ - 0~ 0~ O~ 0 O 0~ 0 O 0 O 0 O O 0-0- 0~ 0~ 0~ 0~ 0~ 0~ (000 (D (D (D (2 M0 @
IS A R pa|

2&...ﬂ?_.._._.4-..-.4.6_,..41_.ﬂuﬁ._aﬂaza.ﬁu4#J7ﬁ..ﬂ..4ﬂ¢nﬂﬂ:td3531;ﬂzﬁﬂ OO PO AT (IO O )T P00 0001

_-...-._-,_l_-d..-_-.....-..-4...-._-_----_---..._-_i._.._._-l-_-._t-_-._-._..-._-_.

000 OO I T T R0 DT O O = CIF) LI O MO O G T 00 0O OO S T 00 T 0t Ol @~ 07T TG

SO SO PS P P P P P P P P s P P P 00 00 00 00 (0000 €000 0 60 €0 €0 0 00 6~ 0~ C~ & 0 0 0~ © © © O 0 0~ 0~ 0~ 0~ 0~ 0~ 0~ €0 (0100 £1) 00 00 00 00 (0 (0
" ol e

QP S Qo AL MO0 P T P O OO T P GO 0 0T SO P10 AT O O 0 C2 T 00 ot o Q08 O 0 D 01T 0 170 ot 19 90 ~0 D0 G G T
" = = W LI

B & F B ®m N 8 & B ® N " F "R AN SN RN F Y8 R oFSEOFCROROR R YRR N R W ®mOWm N SRR W WoWW
QOO AT TS TNON OO0 ASCIM T T T 00000 OnMT T T FH OO0 0 (0 000 T It
PP PP PP PP P PP s P P S S S 000G 0 06 000000 05 00 06 60 O 00 €0 00 00 0~ 0~ 0~ 0~ 0~ 0~ 0~ 0~ 0~ 0~ 0~ O~ 00 00 (0 (00 00 0 00 0D €0 40 €0 €0

?543295?5386&226325351?66451?02?21454?33534263293?50?0342334
e . o SNIL BRL W SRL T R S R "% @ B omow mWm W W § NE W W R R & W @ @ W W W o B EW NN WS m oW wm ® m 4w 4 AW & W N
T I 0000 M0 00~ 0- O ACCI T SN L SO0 OO0 0 S O T T 0 00 DT M0 IO O 0 [ 0T 10
000000000 L0 O P s P s 1 T P T s (000 00 0000 60 00 030k O~ O+ G 0~ 0 O~ 0-00 00 03 G000 (000 @00 M P P~ M

J&JJ?03??510015315?8161143?535?150?1513044?116?62614243@5525
L .RERREETE B B W N B R i pcEW R R F moW oW W A & & % W ® B ® N § ¥ @ & ® W N B = B m B & W W " @
PPPs 0O 00 0O A CICH S T 00 SO R O T UG 0 A O O 0P 0T A0 O 0 T~ O 00 @
L3I E5 D 100 ~0-0-0-0 00 -0-0 0000 V-0 M PP s P s [ s 0000 0300 000~ 08 O 00 05 (00 Q0P P [ P PSS P s P 000

AR UG 00 O CIF T U0 00 QA T U0 (00 O et DU T 1T O [0 Ot 01 T 0O [0 O 05
tadalalalelolala o Lol w ln o Lot hall oo Ue Ao Lart o ol oo ot sl el o T B e B g e e B i i P B B

..ETC.) CALCULATED USING SLOPE CORRECTED DATA.

- INDICES (A,D,

*

INTEGRATION

1/2 SECOND LINEAR



APPENDIX C

Figure C-1: NARROWBAND SPECTRA AT ALM
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Figure C-1
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Figure C-1
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PIPER LANCE PA-32R-300 TAKEOFF
9/25/84 5% FOWER
B0 81 KIAS
. 2570 RPM
T L 43
d8 | FLAT WEIGHTED
I
o= RARNTRC WETCHTID
3 mx LAEWIETR
0.7 IR LirrLp
FTATIC FROFELLIR FUWDAFTNTAL: EPW/30 (Ba)
” FTATIC EEBADST FUMDAWTNTAL; EPW/I0 (Bs)
,50 —
50 'l L|‘ I
'l '
ol |l
FREQUENCY
el B T ) s VNN Pt [ EOREER 0 &bi P SR o Nl [
200 400 800 800 1000 1200 1400 1600 1800
PPER LANCE PA-32R-300 TAKEOEF
9/25/84 55% POWER
80— 81 KIAS
2570 RPM
80— 43
s =] A-WEIGHTED
o | o]
0,1 FICOME LAPTLE
FTATIC FECTELLED FIWDAMENTAL; EFW/30 (Ba)
FTATIC EIRASST FMDANENTAL: EPW/T0 (Rs)
&0
50 b=
e
o I NI
R FREQUENCY  (Hz)
1 1 | 1 | i | I ] l 1 1 L l L

ST R T e
200 400 600 800 1000 1200 1400 1600 1800

c10



Figure C-1

PPER LANCE PA-32R-300 T
8/25/84 AKEOFF
55% POWER
o 1 120 KIAS
2570 RPM
® ! FLAT WEIGHTED
3 Az RANTMTETE
8.8 soow et
FTATIC PEOPILLER FommAsTNTAL; EFW/ 3 117]
FTATIC EDNADIT FOSBAMESTAL ) EF/ IS (ma)
m =
LI h
i
I
p |
FREQUENCY (Hp)
A SRS [T T e A B R e e o O
200 400 600 BoO 1000 1200 1400 1600 1800
PIPER LANCE PA-32R-300 TAKEOFF
80— 120 KIAS
2570 RPM
80— J-45
&8 A-WEIGHTED
7ol e s
8.1 FEOOEE LaeLE
FTATIC FROVELLE PRSANOITAL; TP/ (ma)
FTATIE EOMSTT PIMMADITALL TAUTO (aa)
m e
m =
e \
L= |
FREQUENCY (Hz)
i) 1 VST R T e e !
200 400 800 800 1000 1200 1400 1800 1800

c11




Figure C-1

PIFPER LAMCE PA-32R-300

TAKEOFF
20— 81 KlAS
2840 RPM
K-50
e FLAT WBIGHTED
dB8 T YooTE
A 5 B LAEwTITTY
0.1 FEoowm faaviy
o FTATIC FROPELLIN FUMSANENTAL: EPW/M (mp)
FTATIC CEMADST FIMDAMENTAL: BP0 (Bs)
r
&l ‘J
J'
sol{ 1| I |
E I Wm
40
||:l1l||i|1|r|a||||
200 400 800 B0OO 1000 1200 1400 1800 1800
PIPER LANCE PA-32R-300 TAKEOFF
9/25/84 75% POWER
o = B1 KIAS
K_so 2840 RPM
80~ A-WEIGHTED
dB :-m
8.1 ey suerLr
luﬂ:mmul n/m ]
m_ STATIC CIRASTT FINDAMTNTAL; L T - T
|
60 b=
1l [
50 |- IJ w “ﬁ
mn J
LIl b
" R S| I e || SN TR e iy 1 T T (] el
200 400 800 800 1000 1200 1400 1800 1800

ciz



Figure C-1
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Figure C-1
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APPENDIX D

Figure D-1: EVENT B9 NARROWBAND TIME HISTORY
(GROUND MICROPHONE)

Figure D-2: EVENT B9 NARROWBAND TIME HISTORY
(4 ft. MICROPHONE)
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Figure D-1: NARROWBAND TIME HISTORY: GROUND MIC.
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Figure D-1: NARROWBAND TIME HISTORY: GROUND MIC.
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